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SUBJECT: SEMI-ANNUAL PROGRESS REPORT FOR THE PERIOD DECEMBER 31 9 1969 
TO JULY 1, 1970. 
WILL BE REPORTED UNDER THE FOLLOWING HEADINGS: 

THE WORK ACCOMPLISHED DURING THIS PERIOD 

Task 1. Performance Invest igat ion 

Task 2. Heat Transfer Invest igat ion 

Task 3. Combustion S t a b i l i t y  Invest igat ion 

I. Introduct ion 

Progress during the l a s t  repor t  per iod has been made i n  the fo l lawing 
areas : 

A. The analysis o f  the performance data has been completed and the 
resu l ts  ind ica te  t h a t  #re accuracy was ef fected adversly by two factors; 
f i r s t ,  the shor t  durat ion o f  the experiments precluded the p o s s i b i l i t y  
o f  obtaining r e l i a b l e  steady s ta te  thu rs t  and secondly, the use o f  ab lat ive 
nozzles made the determination o f  an accurate th roa t  area d i f f i c u l t .  

B. Heat Transfer. The analysis o f  throat  ablat ion r a t e  data was 
completed. No conclusive correlat ions were obtained which re la ted  run 
time, mixture r a t i o ,  chamber pressure, i n j e c t o r  configuration, pulsing, 
and nozzle run number w i th  l i n e a r  ab lat ion rate.  The wri teup o f  the data 
was started. 

Work began on the new phase o f  the heat t ransfer  study, the primary 
objective o f  which i s  t o  measure heat f luxes using a water-cooled copper 
tube mounted on the engine axis l i ne .  The chamber pressure and mixture 
r a t i o  t o  be used were determined ana ly t i ca l l y .  -_ Work on hardware i s  
presently under way. m5s 
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C. The repor t  per iod saw the completion of the combustion i n s t a b i l i t y  
experiments on the large and small tube, 7 element quadlet i n jec to rs  and 
i n i t i a t i o n  o f  construction o f  the s ing le  element quadlet configuration. 

11. Status o f  Work i n  Progress 

A. Task 1 Performance 
A de ta i led  analysis of the data obtained f o r  use i n  the evaluation 

of performance has ind icated basi cal l y  two factors which a f fec t  
ser iously the accuracy of the resu l t i ng  values obtained i n  t h i s  phase o f  
the program. These factors are the shor t  duration o f  the experiments 
d ic ta ted by the hardware configuration and the use o f  ablat ives i n  the 
throat  which made the determination o f  an instantaneous throat  area 
d i f f i c u l t .  

have reached steady s ta te  i t  was noted t h a t  th rus t  coe f f i c ien ts  were qu i te  
low. Examination o f  calcomp plGts o f  load c e l l  output developed from 
previous analyses ind icated tha t  the s t a r t i n g  t rans ien t  appeared t o  be 
a heavi ly  damped second order system response and t h a t  steady s ta te  was 
no t  achieved. 
system and p red ic t  from i t  the f i n a l  steady s ta te  value. A regression 
analysis was attempted t o  obtain a funct ional  form o f  the dynamic 
response f o r  the load c e l l  t h rus t  stand system, bu t  proved unsuccessful. 
was noted however tha t  the averaging o f  points through the t rans ient  
resul ted i n  a curve very c losely approximating the response o f  a f i r s t  
order system and an approximate t i m e  constant was obtained. When the 
funct ion value was s ix ty- three per cent o f  the f i n a l  value, the time 
corresponded t o  twenty-eight data points, o r  one data record. 
o f  data points corresponds t o  a time o f  two and one-half mil l iseconds. 
Considering the response o f  a f i r s t  order system, i t i s  general ly 
accepted tha t  the response i s  ninety-nine per cent o f  the f i n a l  value 
a f t e r  f i v e  t i m e  constants. 
down occurs p r i o r  t o  a time in te rva l  corresponding t o  f i v e  time constants. 

Although the osci l lograph traces o f  the load c e l l  output appeared to  

An attempt was made t o  determine the equation f o r  t h i s  

I t  

This number 

For many o f  the runs o f  t h i s  analysis, shut- 
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As the load c e l l  has the longest response time, i f  compensation f o r  
t h i s  response l a g  could be employed, th i s  t i m e  l a g  could be eliminated. 
The approximate dynamic response re la t ionsh ip  obtained was 

As the normalized th rus t  i s  used, the constant A i s  equal t o  one, 

a s u f f i c i e n t l y  accurate correction, therefore fu r the r  inves t iga t ion  4s 
being given the second order system model which should r e s u l t  i n  an 
improvement but  s t i  11 w i t h i n  the l im i ta t i ons  o f  method. Additional run 
duration on the s ing le  element i n j e c t o r  should improve the accuracy o f  
the th rus t  correct ion fac to r  on the previous data. 

I t  was planned t o  acquire addi t ional  performance data on the 
combustion s t a b i l i t y  experiments, however the EECO d i g i t a l  data system 

was inoperative. 
Propulsion Center and €ECO no longer bu i lds  a system, only the components. 
I n  view of the foregoing, EECO was no t  receptive t o  repa i r  o r  maintenance 
and tha t  coupled ni t h  the system fami l i a r i za t i on  requi red o f  our 
technicians caused an extended down time f o r  t h i s  system. 

The appl icat ion o f  t h i s  correct ion i t  i s  f e l t  , does no t  provide 

Repair expert ise was n o t  avai lable a t  the Je t  

Last month 
EECO f i n a l l y  consented t o  ass i s t  i n  the t rouble 
was again p u t  i n t o  service the l a s t  month of t h  

B. Task 2. Heat Transfer 

The development o f  a method t o  measure hea 
1. Ablation 

shooting and the system 
s repor t  period. 

I t rans fer  by insYrumenting 

the ablat ive chamber l i n e r  and nozzle o f  the high pressure rocket engine 
was terminated t o  permit i n i t i a t i o n  o f  a revised program described l a t e r  
i n  t h i s  report. The lack of s u f f i c i e n t l y  accurate thermophysical data 
f o r  the ablat ive mater ia l  made i t  v i r t u a l l y  impossible t o  estimate the 

accuracy o f  heat f luxes calculated from the ablat ion data tha t  was t o  have 
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been taken. The mathematical model, proposed t o  calculate heat f luxes, 
introduced considerable e r r o r  due to  the approximation required t o  employ 
it. With the pressure o f  an ear ly  i n i t i a t i o n  o f  the revised program the 
decision was made t o  conclude the ablat ion study w i th  a wrapup repor t  o f  
the l i nea r  ablat ion rates measured a t  the nozzle th roa t  and a corre la t ion 
o f  parametric e f fects .  
report  and w i l l  be presented i n  more d e t a i l  i n  a Contractors repor t  being 
prepared. The run durations given are actual run durations taken from 
osci l lograph traces o f  chamber pressure versus time. 
duration was defined as the time di f ference on the osci l lograph trace 
between the t i m e  where the chamber pressure reached one-half o f  i t s  steady 
s ta te  run value during the pressure r i s e  a t  the beginning o f  a run and 
the time where the pressure drop a t  shut down decreased t o  one-half of 
the steady s ta te  run value. 
pressure transducer. 
data obtained w i th  Pot te r  turbine meters. 
refers t o  the i n j e c t o r  tube sizes f o r  the seven quadlet i n j e c t o r  con- 
f igura t ion  (Figure 2) .  
l a rger  tube sizes were u t i l i z e d  f o r  t h a t  respective run and a value o f  
two indicates the use o f  the smaller i n j e c t o r  tube sizes. The "Pulse" 
column denotes whether o r  no t  the pulse gun was f i r e d  during a run. A 
value o f  two i n  t h i s  column indicates tha t  the engine was pulsed. The 
column wi th  the "Nozzle F i r i n g  Number" arises because o f  the f a c t  t h a t  
most o f  the ablat ive nozzle inser ts  have been used f o r  several f i r i n g s .  
The number i n  th i s  column indicates the number o f  f i r i n g s  t h a t  the 

nozzle i n s e r t  was used inc lud ing  the l i s t e d  run. Linear ablat ion 
r a t e  a t  the nozzle throat  was calculated by d iv id ing  the di f ference between 
p o s t f i r e  and p r e f i r e  th roa t  radius by the run duration. 

was measured wi th  a m i  crometer a t  several c i  rcumferenti a1 locations the 
average value o f  the measurements then being used i n  the ablat ion ra te  
cal cul a t i  ons . 

Three d i f f e r e n t  approaches were taken i n  analyzing the data. The 

f i r s t  was t o  inspect the data, looking f o r  the e f f e c t  on ablat ion ra te  

These data are presented i n  Figure 1 o f  t h i s  

For t h i s  study run 

Chamber pressure was measured w i th  a Photocon 
Mixture r a t i o  was calculated from propel lant  flow ra te  

The column labeled " In jec to r "  

A value o f  one i n  th i s  column indicates t h a t  the 

The throat  radius 

4 



of varying each parameter of i n te res t  ( i .e .  run duration, chamber pressure, 
mixture ra t i o ,  i n j e c t o r  tube size, pulsing, and nozzle run number). 
were f i r s t  classed according t o  whether o r  not they had the same nozzle 
run number, i n jec to r ,  and puls ing numbers, which y ie lded fourteen sets 
of runs o f  which f i v e  sets were el iminated because they contained only 
one run. The data of the remaining nine sets were contradictory, percluding 
the drawing o f  any conclusions as t o  the e f f e c t  o f  mixture r a t i o ,  chamber 
pressure, and/or run duration. This method was employed using various 
combinations o f  parameters and i n  a l l  cases y ie lded no obvious trends. 

run data and solve the resu l t ing  matrix, o f  the form [A][XJ = [B], f o r  
the X ' s .  
i t  was desired t o  study. Then, i n  order t o  form a square matrix, a 
number of runs equal t o  the number o f  parameters under study were chosen, 
data from one run forming one equation. Only the parameters o f  i n te res t  
were retained from the run data. Each o f  these was then mu l t i p l i ed  by 
an unknown constant, the prod'ucts were summed, and the sum was equated 
t o  the ablat ion rate. The number o f  parameters studies was var ied from 
a minimum o f  three t o  a maximum o f  s i x  and the combinations o f  parameters 
were also changed. A computer program was w r i t t e n  t o  se t  up and solve 
the matr ix equations. The run numbers used i n  a given case were randomly 
selected from the t h i r t y - s i x  runs i n  the data. Two hundred cases were 
run f o r  each se t  o f  parameters. 
i n  the so lu t ion  vectors not  only varied great ly  i n  magnitude from case 
t o  case bu t  also changed signs, f o r  a l l  numbers and combinations o f  
parameters. 

a canned s t a t i s t i c a l  data corre la t ion program (reference 1) .  
obtained from t h i  s program 1 i s t e d  correlat ions between a1 1 parameters 
and the ablat ion ra te  o f  less than .5.  

The resul ts  o f  these studies thus f a r  ind icate tha t  no f i r m  con- 
clusions can be reached from the analysis thus f a r  as t o  the e f f e c t  on 
ablat ion ra te  o f  the parameters studied. 

Runs 

The second approach was t o  form systems o f  l i n e a r  equations f rom the 

This was done by f i r s t  se lect ing the parameters, whose e f f e c t  

I 

Results were inconclusive. The constants 

The t h i r d  approach t o  ablat ion data study was t o  input  the data i n  
Output 

Examination w i l l  continue. 
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2. Copper Tube Study 
The primary effort i n  the heat transfer par t  of the high pressure 

rocket engine program has been shifted from the study of ablation to  
the measurement of heating rates received by a water cooled copper 
tube mounted on the axis l ine w i t h i n  the engine (Figure 2) .  The 
objectives o f  this research include looking a t  h i g h  pressure cycling 
w i t h  simultaneous h igh  thermal cycling effects on copper as well as the 
measurement of heat fluxes. 

method. 
030" wall 9 oxygen free half  hard copper tube  i n  the engine (Figure 3) 
and firing the engine. 
single tube will also be used t o  establish the system parameters (fuel, 
oxidizer, and coolant run  t a n k  pressures) needed for operation a t  the 
desired chamber pressure, mixture rat io ,  and coolant f l o w  rate. During 
these runs the only measurement associated w i t h  the coolant will be 
flow rate, as the coolant will be dumped directly i n t o  the engine 
exhaust, t h u s  percluding coolant temperature measurements. Later on 
i n  the program, an annular tube arrangement allowing coolant recovery 
for temperature measurements i s  planned. 

2 

In order to  determine the chamber and mixture r a t io  necessary to  obtain 
this value of heat f l u x ,  two ICRPG computer programs were used. 
one-dimensional equilibrium program (reference 2 )  was used t o  determine 
gas properties i n  the chamber and nozzle for various chamber pressures 
and mixture ratios. 
analysis program (reference 3) using different combinations of run 
conditions u n t i l  a combination was found which yielded a sufficiently 
h igh  heat f l u x  a t  as low a chamber pressure as possible. 
conditions chosen were 3000 psia chamber pressure and a mixture rat io  
of 2.0, which give a heat f lux ,  according t o  the computer results, of 
76 B t u / i n  sec i n  the chamber which increases t o  a maximum o f  115 B t u l i n  
sec near the nozzle throat., 

The f i rs t  step i n  this study is t o  prove the feasibility of the 
T h i s  will be accomplished by mounting a single 3/8" O.D. ,  

These i n i t i a l  exploratory firings w i t h  a 

A heat f l u x  of a t  least 75 B t u / i n  sec t o  the tube i s  desired. 

A 

These da ta  were then i n p u t  t o  a boundary layer 

The run 

2 2 

6 



Work on the modification of the hardware and the tes t  s tand was 
begun dur ing  this work period. A hydraulical'ly actuated valve has 
been located near the engine (Figure 4)  and will be used for water 
flow control. 
was installed i n  the feed line between the water run  tank and the valve. 
The previously constructed regimish face cooled injector (Figure 4) 
i s  being modified t o  allow insertion of the copper tube through the 
center of the injector face. Ablative nozzle inserts to  be utilized 
for firings w i t h  the tube have throat diameters of 1.36 inches and 
were constructed previously. 

A Potter turbine meter for measuring water flow rates 

C. Task 3. Combustion S t a b i l i t y  Investigation 
A total of eight pulsed firings of the rocket engine, Runs 46-53, 

were made dur ing  this period. For the first  three runsg Runs 46-48, 
the large tube-seven quadlet injector was used. 
successful pulsed runs. 
the Pulsed Run Summary Sheet - Large Tube-Seven Quadlet Injector, and 
the photocon traces are shown i n  Figures 6 and 8. 
gun power supply functioned properly I b u t  the electrical explosive 
i n i t i a t o r  d i d  not  detonate. I t  was later found t h a t  the internal 
electrical wi r ing  of the explosive i n i t i a t o r  was discontinuous. 
Run 47 d i d  not furnish combustion s t a b i l i t y  da ta ,  i t  was very useful 
i n  proving t h a t  no electrical interference exists between the electrical 
pulse i n i t i a t o r  and the photocon pressure transducer. 
the pulse gun electrical power supply pulse and shows tha t  there is 
no electrical interference picked up by the photocon pressure trans- 
ducer o r  i t s  circuit. Thus the photocon pressure transducer gives a 
true measurement of the h i g h  frequency response of the chamber pressure 
during and fol lowing the pulse. 

With the completion of Run 48, the experimental test  program using 
the large tube-seven quadlet injector was concluded after a total  o f  
twelve pulsed runs. 
successful runs using this injector are shown on the Pulsed Run Summary 
Sheet - Large Tube-Seven Quadlet Injector. 

Runs 46 and 48 were 
The respective run  conditions are shown on 

On Run 47, the pulse 

A1 though 

Figure 7 shows 

Run conditions f o r  the entire series of eight 

For this series, mixture 

7 



r a t i o  ranged from 1.42 t o  2.99, w i th  ample data t o  e f f e c t i v e l y  cover t h i s  
range. 
the desired 4000 psi .  
for a l l  cases the peak-to-peak pressure pulse was greater than the steady 
s ta te  chamber pressure , which should have been adequate t o  induce combus ti on 
i n s t a b i l i t y .  
second. 
experienced during every pulse of the ser ies o f  runs using the large 

tube-seven quadlet i n jec to r .  The degree o f  chemical augmentation , and 
i ts  causes and e f fec ts  are s t i  11 bei ng analyzed. 

period, reaching what appears t o  be a f i na l  design a f t e r  Run 48. The 
present pulse gun cross-section i s  shown i n  Figure 5. Use o f  the f i b e r  
pulse gun sheath grea t ly  decreased the amount o f  time and energy expended 
i n  ex t rac t ing  the gun from the housing fol lowing each run. Whereas the 
s ta in less s tee l  pulse gun sheath upset and wedged ins ide  the housing 
when the pulse was i n i t i a t e d ,  the f i b e r  sheath breaks i n t o  large pieces. 
These pieces do not  enter the combustion chamber, b u t  remain i n  the 
pulse gun housing and are removed a f te r  the run. 
the heavy s ta in less s tee l  pulse gun housing w i th  each pulse continues t o  
be a problem. 
a t  regular i n te rva l s  i f  t h i s  continues. 

i n j e c t o r  was used. 
On Run 49 the analog tape recorder shut o f f  a t  the s t a r t  o f  the run, due 
t o  a malfunction. 
the osci l lograph run record shows t h a t  the pulse gun f i r e d  properly. 

respective run conditions f o r  the remaining four  o f  these runs are shown 
on the Pulsed Run Summary Sheet - S m a l l  Tube-Seven Quadlet I n j e c t o r  and 
the photocon pressure traces are shown i n  Figures 9 t o  12. 

experimental t e s t  program using the small tube-seven quadlet i n j e c t o r  was 
concluded w i t h  Run 53. Run conditions f o r  t h i s  ser ies o f  f i v e  runs are 
shown on the Pulsed Run Summary Sheet - Small Tube-Seven Quadlet In jec to r .  
Mixture r a t i o s  ranged from 1.525 t o  2.15, w i t h  ample data t o  cover t h i s  range. 

All o f  these runs were made a t  a chamber pressure w i t h i n  5% of 
The photocon pressure transducer traces show tha t  

However, i n  a l l  cases the o s c i l l a t i o n  damped w i t h i n  0.005 
A considerable amount o f  chemical augmentation o f  the pulse was 

The evolut ion o f  the pulse gun design continued throughout t h i s  

S l i g h t  upsett ing o f  

It i s  bel ieved tha t  the housing w i l l  have t o  be replaced 

For the l a t t e r  f i ve  runs, Runs 49-53, the small tube-seven quadlet 
Four o f  these runs produced combustion s t a b i l i t y  data. 

Therefore, no pulse data were recorded, even though 
The 

The 
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In general the peak-to-peak pressure pulses were much smaller for 
this series u s i n g  the small tube-seven quadlet injector than had been 
recorded i n  the previous series of runs using the large tube-seven 
quadlet injector. In fact Figures 10 and 12 show t h a t  on Runs 50 and 
53, the amplitude of the induced oscillations was very small. 
runs were made a t  the lower mixture ratios of this series (MR = 1.525 
and 1.71 respectively). The large difference i n  peak-to-peak pressure 
pulses between the large and small tube seven quadlet injectors may be 
due t o  the difference i n  propellant droplet sizes produced by the 
injector. W i t h  the smal ler  droplets produced by the smal 1 tube-seven 
quadlet injector reacti ng more quickly , the combus ti on process had 
probably reached a greater degree of completeness by the time the pro- 
pellants had traveled a given axial distance. 
propellant-combustion product mixture reached the axial location of the 
pulse guno  there was less chemical energy remaining which would augment 
the pulse. Therefore a l l  of the runs u s i n g  the smal 1 tube-seven quadlet 
injector showed greater combustion stability than did those for which 
the large tube-seven quadlet injector was used. 

Several atlanpts have been made t o  develop a computer program t o  f i t  a 
curve through the da ta  points which make up the h i g h  frequency photocon 
pressure traces which were recorded d u r i n g  each pulse. 
greatest degree of f i t t i n g  has been achieved using the Periodic 
Regression and Harmonic Analysis computer program run  on the CDC-6500 
d i g i t a l  computer. T h i s  routine has successfully matched both  the 
harmonic photocon pressure transducer trace characteristic of low 
frequency combus ti on i ns tabi  1 i ty ( chugging) and the damped harmoni c 
curve produced by constructing a curve through the midpoints of the 
high frequency oscillations following the pulse. These results are 
shown in Figures 13 and 14. The photocon pressure transducer trace is  
being analyzed from the standpoint of the theory of superposition of 
solutions i n  which the actual pressure trace is t o  be matched by super- 
positioning four curves. These four curves are respectively: (1 )  a 

These 

Thus by the time the 

All of ,the da ta  from these two series of runs is undergoing analysis, 

So f a r ,  the 
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step funct ion o f fse t  from the chamber pressure before the pulse, which 
corresponds w i th  the degree of chemical augmentation o f  the pulse, 
(2) a steady s ta te  harmonic o s c i l l a t i o n  charac ter is t i c  o f  the l o w  
frequency combustion i n s t a b i l i t y  (chugging) induced by the pulse, (3) an 
exponential decay of the low frequency osc i l l a t i ons ,  and (4)  the high 
frequency osc i l l a t i ons  over la id  on the curve resu l t i ng  from the super- 
pos i t ion  o f  the f i r s t  three curves. 
program has successfully matched both (2)  and the curve resu l t i ng  from 
the superposition o f  curves ( l ) ,  ( 2 ) 9  and (3). Some work i s  s t i l l  being 
done toward improving the matching of absolute value and slope o f  the 
f i t t e d  curve w i t h  those o f  the actual pressure transducer t race a t  
both the s t a r t  o f  the pulse and the end of osc i l la t ions ,  where the 
pressure reverts t o  the steady s ta te  chambers pressure. 

As mentioned e a r l i e r ,  the computer 

111. Plans f o r  Future Research 

Performance : 

continue and be completed w i th  the conclusion o f  the s ing le  element 
i n j e c t o r  test ing.  
Heat Transfer: 

Preparation o f  the f i n a l  contractors repor t  on t h i s  area w i l l  

1. 
2. 

The wrapup repor t  o f  th roa t  ab lat ion ra te  data w i l l  be completed. 
Work on hardware f o r  the new phase o f  the program w i l l  be 
completed and the ensuing i n i t i a l  f i r i n g s  w i l l  be made w i t h  
the s ing le  cooled copper tube system as described above. 

Combus ti on Stabi li ty : 
Fabr icat ion of the large tube-single quadlet continues. As soon 

as the fabr ica t ion  and i n s t a l l a t i o n  o f  t h i s  i n j e c t o r  i s  completed, i t  
w i l l  be run a t  three mixture ra t i os  (MR = 1.8, 2.0, and 2.2). 
combustion s t a b i l i t y  data w i l l  be corre la ted w i th  t h a t  obtained using 
the seven quadlet in jec to rs .  Unlike the seven quadlet in jec to rs  which 
had s o l i d  faces, the s ing le  quadlet i n j e c t o r  w i l l  employ a face made of 

Rigimesh which w i l l  be cooled by flowing up t o  25% o f  the N204 through 
it. 

The 



Analysis of the combustion s t a b i l i t y  da t a  and comparison w i t h  
e x i s t i n g  ana ly t i ca l  combustion s t a b i l i t y  models will continue. 
Crocco-Reardon sensitirde time l a g  theory (Ref. 4) will be s tud ied  i n  
more d e t a i l  and analyzed for i ts  a p p l i c a b i l i t y  t o  this program. 
the t angent ia l  mode o s c i l l a t i o n s  will be studied, s i n c e  the experimental 
da ta  were a1 1 generated using a tangent i  a1 ly  i n i  ti a ted  ins tab i  l i  ty. I t  
is  planned to  develop the ana ly t i ca l  sensitive combustion time lag and 
proper combustion chamber frequencies and compare the predi cted s t a b i  li ty  
conditions w i t h  the experimental results. Since i n  a l l  cases,  the 
experimentally induced combustion instabi l i ty  damped very rap id ly ,  a 
g r e a t  deal o f  time will be spent i n  a n a l y t i c a l l y  modeling the damping 
effects present i n  the combustion chamber. 

The 

Only 
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PULSED RUN SUMMARY SHEET - LARGE TUBE-SEVEN QUADLET INJECTOR 

Run Number 

Average Nozzle Throat 

Chamber Pressure - Psi 

M i  x ture Ratio 

Run Duration - Sec. 

Steady State Run 
Duration Prior t o  
Pulse - Sec. 

Peak- to- Peak Press u re 
Pulse - Psi 

Time to  Damp Completely 
Sec. 

Trace Figure  Number 

Diameter - Inches 

35 41 43 44 45 46 47 48 

1.007 0.917 1.013 1.125 0.973 1.042 0.975 1.012 

3910 3800 4060 4100 4100 4120 4080 4070 

1.88 2.67 2.99 2.25 2.10 1.42 1.725 1.89 

0.90 0.75 0.75 0.85 0.85 0.85 0.75 0.75 

0.160 0,100 0.100 0.140 0.140 0.200 0.080 0.100 

6080 5270 8550 4820 9180 6240 - 5200 

0.003 0.003 0.003 0.005 0.004 0.002 - 0.004 

Shown i n  Previous Progress 6 7 8 
Report 

The above runs were made a t  the fo’llowing constant conditions: 

Chamber length 8.45 inches (L* = 50) 

Chamber internal diameter 2.34 inches 

RDX Explosive Charge 56.4 grains (10 wafers) 

Injector Tube Si ze - Large Tube-Seven Quadlet Injector 

Oxi di  zer ori f i  ce d i  ameter = 0.1 18 i nch 

Fuel orifice diameter = 0.106 inch 



PULSE0 RUN S U M ~ ~ Y  SHEET - SMALL TUBE-SEVEN QUADLET INJECTOR 

Run Number 49 

Average Nozzle Throat Diameter - Inches 0.996 

Chamber Pressure - Psi 3800 

Mi x ture Rati o 2.15 

Run Duration - Sec. 0.75 

Steady State Run Duration 
Prior t o  Pulse - Sec 

0.110 

Peak-to-Peak Pressure Pulse - Psi - 
Time t o  Damp Completely - Sec - 
Trace Figure Number 9 

50 

1.045 

3900 

1.525 

0.75 

0.190 

1000 

0.002 

10 

51 

0 982 

41 20 

1.935 

0.75 

0.220 

3375 

0.002 

11 

The above runs were made a t  the following constant conditions : 

Chamber length  8.45 inches (L* = 50) 

Chamber i n temal d i  ameter 2.34 inches 

RDX Explosive Charge 56.4 grains (10 wafers) 

Injector Tube Size - Small Tube-Seven Quadlet  Injector 

Oxidizer o r i f ice  diameter = 0.094 inch 

Fuel orifice diameter = 0.075 inch 

52 

0.984 

4000 

2.13 

0.75 

0.160 

2500 

0.002 

12 

53 

1.0672 

41 30 

1.71 

0.75 

0.130 

2750 

0.002 

13 



NOZuE THROAT ABLATION RATE DATA 
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I REPRESENTS LARGE TUBE INJECTOR WITH ,118" C.D. OXIDIZER TUBES 
A o106'' I.D. FUEL TUBES. 

NTS SMALL TUBE INJECTOR WITH .094" I.D. OXIDIZER TUBES 
~~D .075"I.D. FUEL TUBES. 
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Figure 13. CURVE F IT  OF HARMONIC PHOTOCON PRESSURE TRACE 
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